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<5"?) Abstract: The invention provides methods, compositions and uses of said compositions for transducing target cells with nene 
deh\er> vehicles of retroviral origin comprising providing a selection of CD.^ positive cells from a culture of cells, taking a pluralitv 
o! samples of said CD34 positive population, diluting and/or concentrating said samples to provide a range of concentrations of cells 
per volume, contacting samples in said range with a composition comprising Naid gene delivers vehicles and determining the optimal 
concentration ol target cells tor efficient transduction and diluting or concentrating said CI) >4 positive population to said optimal 
concentration and contacting said population uith said gene delivery vehicles to allow for said transduction of target cells. 
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The ere sent invention relates to the field of recombinant 
retroviral particles, to retroviral gene delivery vehicles. 
To methods for producing particles and vehicles as well as 
uses of the particles or vehicles in improved transduction 

5 methods, compositions for transduction as well as 

pharmaceutical compositions fcr the treatment of disorders 
with a genetic component. In particular the invention 
provides in one of its embodiments a method of gene transfer 
into e.g. pluripotent hematopoietic stem cells and their 

10 descendants, enabling successful transduction of 90% of CD34+ 
cells, including transplantable cell populations comprising 
hematopoietic stem cells that give rise to progeny expressing 
the transduced gene(s). The use of the method e.g. includes 
and is included in a method for treatment of a variety of 

15 hereditary and acquired human diseases by transfer of 

therapeutically active genes into hematopoietic stem cells 
and genetic marking of suchs ceils. 

The hematopoietic system produces perpetually large 
numbers of blood cells, which have a limited life span and 

20 need to be perpetually renewed throughout the life of a 

mammal. This renewal is maintained through proliferation and 
differentiation of a small number of hematopoietic stem cells 
in the bone marrow. The definition of stem cells is not 
always clear within the art. Herein a functional definition 

25 is used, which defines stem cells as those cells capable of 
(long term' reconst i tut ion of a hematopoietic system. This 
definition is often felt to include at least some early 
croqenitor cells. Since blood cells virtually reach every 
oraan, hemat ccoieci c stem cells are a highly suitable target 

30 fcr gene tnerapv fcr Zx variety of hereditary and acquired 
diseases within and outside the hematopoietic system, 
t'nf or t una t e 1 v , retrovirus mediated c:ene transfer nas met v.itn 
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transplantable, long-term repopulatmg hematopoietic stem 
cells . 

Recent advances in understanding sterr cell biology 
include the discovery or heterogeneity of stem, cells both m 
terms of maturity as well as the discovery of novel growth 
factors thought to control their proliferation and 
differentiation and the possibility to purify hematopoietic 
stem ceils by selection for the CD34 surface marker. 
Retrovirus mediated gene transfer has been greatly benefited 
by co- localization of cells and virus using a recombinant 
fibronectin fragment, whereas the importance of selecting a 
suitable retrovirus receptor has been recognized. Based on 
these advances, we have analyzed the variables influencing 
gene transfer during the transduction procedure and selected 
a highly efficient producer ceil subclone . With our invention 
we have made the observation that several binding steps 
involving receptors and ligands on virus, cells and mediating 
adherence molecules are needed for successful transduction, 
each with their specific affinities. Hence, our invention 
discloses the finding that the transduction procedure should 
be highly dependent on the relative concentration of these 
molecules during the t randuct ion procedure. 

Thus the invention provides a method for transducing 
target cells with gene delivery vehicles of retroviral origin 
comprising providing a selection of CD 3 4 positive cells from 
a culture of cells, taking a plurality of samples of said 
CZo 4 positive population, diluting and/or concentrating said 
samples to provide a range of concentrations of cells per 
volume, contacting samples m said range with a composition 
c c mo r i s i n o said a e ne deliver 1 / vehicles ana a e t e r m i n i no t h e 
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cells sucn as they can be found m e.g. umbilical cord blood 
or oone marrow includes the stem cells as defined herein 
above ;i.e. the cells capable of long term repopuiation) . We 
have found that a very important variable in the efficiency 
5 of transduction is a ratio between number of cells (or cell 
concentration) and the number of transducing particles. 
According to cur invention these should be optimized vis a 
vis one another, which may sometimes lead to increasing 
particle titers and/or target cell concentrations, but 
10 surprisingly also to decreasing viral particles and/or 
lowering cell concentrations. Therefore a range of 
concentrations should be tried with samples from the target 
population of cells. Gene delivery vehicles of retroviral 
origin are ail vehicles comprising genetic material and/cr 
15 protemaceous material derived from retroviruses. Typically 
the most important features of such vehicles are the 
integration of their genetic material into the genome of a 
target cell and their capability to transduce stem cells. 
These elements are deemed essential in a functional manner, 
20 meaning that the sequences need not be identical to 

retroviral sequences as long as the essential functions are 
oresent . The methods of the invention are however especially 
suitable for recombinant retroviral particles, which have 
most if not all of the replication and reproduction features 
25 of a retrovirus, typically in combination with a producer 
cell having some complement ing elements. Normally the 
retroviral particles making up the gene delivery vehicle are 
reel l cat i or. defective on their own. The invention is 

i^ul arlv suited for the o reduction of gene delivery 
30 veh i c 1 e s , h owe ve r other retroviral particles can also- be 
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initial titers are preferred. Methods to arrive at those are 
also provided by the present invention. Thus the invention 
further provides a method wherein target oell concentrations 
are optimized further comprising optimizing the concentration 
5 of said gene delivery vehicles "for optimal transduction 

efficiency. It is of course that a gene delivery vehicle is 
intended to read on any vehicle capable of delivering genetic 
material to a target cell, whether the genetic material is 
actually a gene, an antisense molecule or a cosuppressive 
10 nucleic acid (encoding molecule), etc. Useful nucleic acids 
to be provided to target cells, e.g. stem cells are well 
known in the art and include such molecules as to replace 
inborn errors/deficiencies of the hematopoietic system, which 
may include hemoglobin genes and their regulatory elements 
15 for the thalassemia's and sickle cell anemia's and sequences 
to repair the various forms of severe combined 
immunodeficiency, such as caused by adenosine deaminase 
deficiency and that known as severe X linked 
immunodeficiency, or genes encoding enzymes for diseases 
20 known as lysosomal storage diseases, such as Hurler's, 

Hunter's, Krabbe ' s and in particular Gaucher 's disease and 
metachromatic leukodystrophy, or by introducing sequences 
that confer resistance of the progeny of hematopoietic stem 
cells to infectious agents, such as HIV, as well as the 
2~) introduction of suicide genes for cancer therapy and marker 
genes to track the progeny of transplanted normal and/or 
malignant hematopoietic stem cells. Another factor involved 
in binding and/or interaction is a matrix binding both virus 
and target cell exemplified herein by fibronectm a no 
30 ret r one ct i n . The optimization of their concentration is a^sc 
part of the present invention. Tnus tne invention a^s:: 

c *■ " ^ — . >- ^ ^ — -^y - - v ^ --^ - **~ *~ne oresence ct * ic r - r.'j * . • / 
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:cic:: efficiency. 
Tvpicaiiv the carge: cells of the present invention 
comprise populations of CD 3 4 positive cells, which are 
efficiently transduced by retroviral particles, preferred are 
5 those populations wherein said CD34 positive cells comprise 
umbilical cord blood cells or bone marrow cells. As stated 
above it is preferred to use high viral titers to be able to 
optimize ail relevant concentrations vis a vis all binding 
and/or interaction steps. Therefore the invention also 
10 provides a method as described above wherein a composition of 
retroviral gene delivery vehicles of improved titer is 
applied. According to the invention preferably a method for 
improving the virus titer is applied which involves improving 
the producer cell line. Thus the invention also provides a 
15 method wherein said virus titer is improved by providing a 
culture of producer cells of a retroviral gene delivery 
vehicle, subclonmg said culture of producer cells, cuiturmg 
the resulting subclones and selecting the clones producing 
the highest virus titers, possibly based on multiple copies 
20 of the provirus due to reinfection. Apparently a number of 
cells from established producer ceil lines loose some of 



so 



;ne:r 



iiitv to oroduce effective retroviral particles 



Subclonmg appears to be a way to select for those cells 
retaining that ability. Other ways of selecting for such 
cells are also included in the present invention. 

Another factor promoting the transduction efficiency is 
oner cryopreservat ion of the ' CD 3 4*' ceils prior to use m 
the transduction orceedure. Tvnieally, umbilical cord blood 
harvests are crvon re served oner tc use, whereas rhesus 
30 monkey cells are predominantly usee :mmediateiy after 

obtained transduction frequencies and, m general, ^ much 
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cell membrane, mere prominent: 
receptor protein and/or upregulat ion of the receptor gene 
expression . Therefore, m one embodiment a harvest of stem, 
ceils is frozen, optionally stored, and thawed crier to 
5 performing a transduction method of the invention. 

The method of improving virus titers can also be used 
apart from the improvement of transduction. Thus the 
invention also provides a method for producing retroviral 
particles at high titers, comprising providing a culture of 
10 producer cells producing retroviral particles, subcloning 
said culture of producer cells, cultunng the resulting 
subclones and selecting the cultures producing the highest 
virus titers. Again the invention is preferably applied to 
gene delivery vehicle production. Thus the invention provides 
15 in yet another embodiment a method as just described wherein 
said retroviral particles are gene delivery vehicles. 
Typically producer cells are well known in the art. The 
preferred ones are mouse fibroblast cells, originating from 
?G13 which is pseudotyped with the gibbon ape leukemia virus 
20 ;GALVj . GALV-receptcrs (GLV-i or Pit-1) are present on human 
he ma toooietic cells. 

The invention also includes compositions obtainable by 
the methods of the invention. Thus included are compositions 
comprising retroviral particles at high titer obtainable by a 
25 method as disclosed above, preferably those wherein said 

retroviral particles are gene delivery vehicles. Preferably 
sucn a composition comprises retroviral particles capable of 
trans cue ma nemat ocoiet i c stem, cells and/or progenitor cells, 
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the group of Lysosomal storage diseases, especially witri a 
strong hematopoietic and /or visceral expression, such as 
Gaucher' s disease, bur al si possibly Krabbe ' s disease, as 
well as m the treatment of infectious disease, notably HIV 
f) infection, or cancer. Typically the use of a composition 

comprising retroviral particles will involve the transduction 
of CD34 positive target cells. Such transduced cells are 
typically made in vitro and are also part of the present 
invention. Thus the invention provides a composition for the 
10 treatment of a hereditary disease or a pathological condition 
related to a genetic defect or a genetic aberration, 
comprising a plurality of CD34 positive cells transduced with 
a composition of retroviral particles according to the 
invention, or a composition for the treatment of a hereditary 
15 disease or a pathological condition related to a genetic 
defect or a genetic aberration, comprising a plurality of 
CD34 positive cells, said composition being obtainable by a 
method according to the invention. 

20 

Detailed description 

The object of the present invention is to provide a 
generally applicable method for retrovirus mediated transfer 
25 cf therapeutic and marker genes into pluripotent 
nematcpciet i z stem, cells. 

The invention includes the unexpected and surprising 
finding that transduction is dependent on the concentration 
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subjects. Procf of principle will be obtained using 
transplantation of successful!;/ marked CD34 + cells into 
irradiated nonhuman primates. For human umbilical cord blood 
stem cells, we have obtained proof of principle by 
f) transplantation of human umbilical cord blood stem cells m 

immunodef icient NOD/SCID recipients. Tc test for transduction 
of transplantable human multilmeage and/or pluripotent 
hemaopoietic stem cells, EGFP transduced CD34 t cells were 
transplanted into immunodef icient mice irradiated with 3.5 Gy 
10 (g-rays total body irradiation. The mice were sacrificed at 

day 35 to measure content of repcpulatmg cells and tc assess 
the multilmeage nature of the transduced cells by flow 
cytometry. Typically, the optimized procedure resulted in 
percentages of up to 80% EGFP expression (Table 1) which was 
15 multilmeage in nature (Figure 4). Since only a small suoset 
of CD34* cells has the capacity tc produce offspring after 
transplantation it was thought to be of interest to relate 
EGFP expression frequencies of CD45' cells in the engrafted 
NOD/SCID mice with the frequency of EGFP* cells in the 
20 transplanted CD3 4 * cells (Figure 5;. This analysis revealed a 
threshold of transduction of repcpulatmg ceils relative to 
the CD34* cells, which explains why substantial transduction 
frequencies m CD34~ cells do not necessarily result in 
similar frequencies following transplantation, and also 
25 demonstrated that with the optimized procedure up to 80% of 
the multilmeage repopulatmg cells should express the 
t ransgene . 

Fcr human umbilical cord bleed stem cells, provisional 
prcof principle has already oeen ch tamed 'Van Hennik et 

30 al . , -loco, 1 r 3 r by transp iantat : cr. of transduced stem cells 
mm im.muncdef icient N Z Z / S C 1 1 recipients under ::r.a:vms 
resulting m a lower t r ansduct i cr. frequency cf 3134- than his 
become possible by the present invention. Hence, olmmal 
application of the methcc for aucmmcus umbilical core 

:>r> gene t nerapy fir a variety o f diseases nas become a ieasmm 
option fcr oner any cy me present mver.ticn. 
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Materials and Methods 

5 Viral vector and packaging cell line 

The pseudotyped retroviral producer cell line PG13/EGFP7 
was kindly provided by J. Barqumero ( Inst i cut de Recerca 
Onccicgica, Barcelona, Spain). The cell line was developed by 
transducing the PG13 packaging cell line (kindly provided by 
10 D. Miller, Fred Hutchinson Cancer Research Centre, Seattle, 
WA) with 0,45 fim filtered supernatant from FA317/EGFP cell 
cultures. (LimonAet al . , (1997), Blood, 90:3316-21 21). 
EGFP expression was analyzed by flow cytometry and bright 
single ceils were sorted on 96-weil plates by using an EPICS 
15 Elite ESP flow cytomecer coupled to an autocione device (both 
from Coulter, Miami, FL, USA). Single clones were cultured as 
previously described. (Lirr.cn A et al., (1997), Blood, 90: 
3316-21). The PG13/EGFP7 cell line was subcloned by diluting 
tne cells to 1 cell per well of a 96-weil plate. Single 
20 subclones were cultured as describee and analyzed for 

transduction efficiency on rhesus 3M en uCB CD3 4 + cells. The 
viral titer of the cell line (original and subclones) was in 
tne order of 10 5 - 10' infectious particles per mi as 
determined by supernatant titration on cultured human HeLa 
25 cells and Rat-2 cells. Absence of reel icat ion- competent virus 
was verified by failure to transfer GFP - expression from a 
transduced cell copulation tc a secondary population. 

Subcloning of the P313 . SF-EGFF packaging cell line /'vector 
30 correlation -Figure 2 
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'issue Kinet , 13: 505-17: . Supplemented with 10% FCS . Growing 
;lones were harvested and grown in T^5cm* flasks until 80% 
ronfluencv and subsequently tested for transduction 



Determination cf the virus titer (Figure 2 '■■ 

To determine the virus titer of all clones, diluted 
supernatant s of these clones were used to transduce cells of 
the Rat-2 cell line and HeLa cell line. The producer cell 
lines (PG13/SF-EGFP7 , clone 1, clone 2, clone 3 ana clone 5) 
were grown in T75 cm 2 culture flasks until 60% confluency as 
described above. Subsequently, 2000 Rat-2 cells and HeLa 
cells were cultured for 24 hours in dilutions of 0,45 fivn 
filtered virus supernatant of the different clones of the 
virus producer cell line in 12 wells cf a 2 4 - we 1 1 s plate. As 
a control, 1 well did not contain virus supernatant but 
culture medium solely. The virus supernatant was removed and 
substituted with fresh culture medium. The transduced cells 
were harvested at confluency and the transduction efficiency 
was determined by flow cytometry ( FACSCal ibur , Becton & 
Dickinson) . The virus titer was determined by calculating the 
number of ceils initially cultured (2000- that were 
transduced at a certain dilution of the virus supernatant. 



Retroviral t ran sduoti on 



Suoernatants containing recombinant retrovirus were 
enerated bv cuituring approximately 80% confluent producer 
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subsequently produced and passed :hrcugr. a C,45 ^m filter. To 
enhance the transduction efficiency, Falcon 1008 (25 mm) 
bacteriological culture dishes were coated with the 
recombinant fibronectm fragment ZH-296 ; Takara Shuzc , Otsu, 
5 Japan) at a concentration of 10 ^g/cm 2 as described 

previously. iMcntc T et al . (1996), Blood, 88:855-62). CD34- 
selected UCE , human BM , normal rhBM or rhBM from G-CSF and/or 
Flt3-L treated monkeys were prest imulat ed for 2 days m 
enriched Dulbecco's medium with combinations of the human 
10 recombinant growth factors Flt3-L (50 ng/mi , kindly provided 
by Amgen, Thousand Oaks, CA, USA) , t hromopoiet in (huTPO and 
rhTPO, 10 ng/ml, kindly provided by Genentech, South San 
Francisco, CA, USA) and stem cell fartor (SCF, 100 ng/ml) . 
Before adding purified subsets to the f ibronect in- coated 
15 dishes, the CH-296 fibronectin fragment was preincubated with 
supernatant containing the pseudotyped vector for 1 hour at 
37°C. (Moritz et al . (1996), Blood, 38: 355-62). (Hanenberg H 
et al . (1996;, Nat Med, 2: 876-82). Subsequently, nucleated 
cells were resuspended in the vector - containing supernatant 
20 supplemented with hematopoietic growth factors (HGF) , and 
added to the dishes. Over a period of 2 days, culture 
supernatant was replaced completely by resuspendmg 
nonadherent cells into fresh retrovirus supernatant and HGF. 
Finally, the cells were harvested and analysed by flow 
2o cytometry and cell cycle analysis. 

All umbilical cord blood samples used were cry ^preserved 
erior to use, as were the indicated samples of rhesus monkey 
none marrow. For c r y op rese rva tier., the ceils were suspended 
in HEPHS buffered Hanks' balanced sa^t solution, supplemented 
3D with 22,5- feet a: calf serum and " , b - 2 N'St m a concent rat i cn 

" C • ^ *~ o ■ ^ c c r ' / o o r e s e r v a 1 1 o n m a c n i n e curing t n e 
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resuspended in the medium used for transduction. 

Target ceii titrations [Figure 1 :■ 

Rhesus monkey BM i rh BM) and human umbilical cord ciood 
5 i'JCBi cells were titrated from 3x10" to 10 3 /nil during the 

transduction assay. The producer cell line was, as standard, 
cultured in T75 cm 2 flasks filled with 10 ml serumfree medium 
as described above until 80% confluency. During the 
Transduction, the virus supernatant was refreshed once. After 
10 2 days prest imulat ion and 2 days of supernatant infection the 
cells were harvested and the transduction efficiency was 
determined by flow cytometry. 

Transplantation of transduced human UCB cells into NOD/SCID 
15 mice 

Male, specified pathogen- free (SPF) NOD/LtSz-scid/scid 
mice (NOD/SCID) were bred and housed under SPF conditions and 
supplied with sterile food and drinking water containing 100 
mg/1 ciprcf ioxacine (Bayer AG, Leverkusen, Germany) ad 
20 libitum. Housing, care and all animal experimentation were 

done in conformity with legal regulations in The Netherlands, 
which include approval by a local ethical committee. All mice 
received total body irradiation (TBI) at 3 . 5 Gy , delivered by 
a :r Cs source adapted for the irradiation of mice (Gammaceli , 
25 Atomic Energy of Canada, Ottawa, Canada), 2-4 hours oefore 

:e sus cended in 2 0 0 /i 1 H - H 
rail vein. Transplanted cell 



;ransciantat ion . r - ■ ' * 1 - ■ - 



30 



ana :n:ec:ei :.v. i n . o a ^dne^d^ 
numbers were 2x1 C CD3 4* CC3 cells. At day 25 after 
transplant at icn , the mice were killed by CC : inhalation 

t - ^ - . • c *~ • ' " ^ =: T. — - - ^ • . ^' . . , >~> — ' - n - tiiiiU*. 3. - - >- ^ 
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Twc tailed ? values cf <C.C5, were considered significant. 
Actual significance levels are indicated m table I and in 
the f igures . 

Transplantation assay's in rhesus monkeys 

To test for transduction of transplantable mul t i lineage 
and/or pluripotent hematopoietic stem cells, EGFF - t ransduced 
CD34- cells are transplanted into rhesus monkeys subjected to 
9 Gv (6 MV X-rays) total body irradiation in cell numbers 
range from hundred thousand to several millions of GD34- 
cells per kg body weight, either immediately following 
transduction or selected for expression of the EGF? gene by 
cell sorting using a FACS Vantage cell sorter (3ec:on 
Dickinson) . The transplantation procedure has been described 
in detail (Neelis KJ et al . (1997;, Exp Hematol , 25:1094- 
103) . The monkeys are followed daily for expression of EGF? 
in peripheral blood subsets, and weekly for expression in 
bone marrow subsets, using flow cytometric surface marker 
labeling to identify the different blood cell lineages. As 
indicated in figure 3 the transduction cf stem cells using 
methods of the invention can be reprcducibly very high. 
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Brief des:rirt:on :: the d r a \v i ng s 



Figure 1 

5 Cell titration of CD 34 -selected rhesus 3M cells (A) and human 
umbilical cord blooa <UC3) cells. (B* during infection with 
the GALV-pseudotyped FG1 3/SF-EGFP7 retroviral packaging cell 
line/vector combinat ion . The highest levels of EGFP' cells 
were found after transduction of SxloVml rh BM cells or 
10 10 b /ml UC3 cells with 35% and 30%, respectively. 

Figure 2 

Subcloning of the ?G1 3/SF - EGFP7 packaging cell line/vector 
combination resulted in clones with different virus titers as 

15 determined by supernatant dilution on Rat -2 cells (A; and 

HeLa cells (B) . Clone 1 and 2 (PG13/3F-EGFP7 . 1 and PG13/SF- 
EGFP7-2) showed the highest virus titers, whereas clone 3 and 
5 ( PG1 3 / SF - EGFP7 . 3 and PG13/SF- EGFP7 . 5 5 resulted in low virus 
titers. Transduction of 5x10" rh 3M cells with PG13 /SF-EGFP7 

20 and clones 1-5, 2b, 4b and 5b (C) resulted in levels of EGFP 
transduced rh 3K cells that correlates with the virus titers. 
Clone 1, 2 and 2b showed EGFP levels of 6C%-90% which was 
higher as compared to the parental P G 1 3 / S F - EGFP 7 producer. 
Suociones of clone 1 and 5 ( PG13 /SF-EGFP7 . 1 . 2 and PG13/SF- 

25 EGFP 7 .5.1, respectively' resulted m similar transduction 
levels as the parental cell lines. Decreasing cell numbers 
ifrom 1 C tot 11 5 cells / m I during transduction using virus 
supernatant z f PG1 2 ! 5 F EGF? resulted m increasing 
transduction efficiency ranging from. 10% to 40% (D) . 

30 Transduction witn supernatant from subclcne PG13/SF-EGF?" 7 . 1 
resulted m higher efficiencies 3:- tc EGFP' cel^s 

witnout trie titration effect causea by increasing cell 
numbers /ml . 
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efficiency. Briefly, rhesus monkeys were trea:ed with ICG 
/ia/kg G-CSF for 4 consecutive days, after which cone marrow 
was procured and used m the described transduction procedure 
after selection and isolation of cells expressing CD34 . The 
figure shows the transduction frequencies obtained for bone 
marrow samples immediately " used ' "fresh"; or cryopreserved 
("frozen") in comparison to bone marrow from rhesus monkeys 
taken from a rhesus monkey bone marrow bank ("steady state 
rhBM" ). The differences between the "frozen" and the "fresh" 
ceils is statistically significant i p = 0 . 0 1 ; . 

Figure 4 

Chimerism and EGFP expression levels in a chimeric NOD/ SCIT 
mouse BM 35 days after transplantation of 10' UCB cells 

of which 93% expressed the EGF? gene. The bright green 
autof luorescence on the X-axes vs CD45 on the Y-axes clearly 
shows that almost ail human (CD45*) cells (80%) express the 
EGFP. The right panel shows the distribution of EGFP* (□; and 
EGF? cells (■) in all hematopoietic lineages assessed. 

Figure 5 

Percentage of EGF? positive CD4 5* cells in NOD/ SCID mice 35 
days after transplantation related to the percentage of 
primary EGF? positive CD34* ceils transplanted. (•; AM12/MFG- 
EGF? transductions; v )) PG12/SF-E3F? transductions. The 
regression line of the data without the amphot ropi c 
transductions is identical to that shown of ail data pocked. 
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CLAIMS 

1. A method for transducing target cells with gene 
delivery vehicles of retroviral origin comprising providing a 
selection of CD 3 4 positive cells from a culture of cells, 
taking a plurality of samples of said CD34 positive 

"> population, diluting and/or concentrating said samples to 
provide a range of concentrations of cells per volume, 
contacting samples in said range with a composition 
comprising said gene delivery vehicles and determining the 
optimal concentration of target ceils for efficient 
10 transduction and diluting or concentrating said CD34 positive 
population to said optimal concentration and contacting said 
population with said gene delivery vehicles to allow for said 
transduction of target cells. 

2 . A method according to claim 1 further comprising 

15 optimizing the concentration of said gene delivery vehicles 
for optimal transduction efficiency. 

3 . A method according to claim 1 or 2 wherein said 
target ceils are cultured in the presence of fibronectm, 
retronect in or a functional equivalent thereof. 

20 4 . A method according to claim 3 further comprising 

optimizing the concentration of said fibronectm, retronect m 
or said functional equivalent for optimal transduction 
ef f i ciency . 

z. A method according to any one of claims 1-4, wherein 
2f) said CD 3 4 oositive cells comprise umbilical cord bleed ce_^s 
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cf producer cells, cuituring the resulting subclones and 
selecting the cultures producing the highest virus titers . 

3. A method for producing retroviral particles at high 
titers, comprising providing a culture of producer cells 
producing retroviral particles, sub-cloning said culture cf 
producer cells, culturmg the resulting subclones and 
selecting the cultures producing the highest virus titers. 

9. A method according to claim S , wherein said 
retroviral particles are gene delivery vehicles. 

1C. A method according to any one of claims 7-9 wherein 
said producer cells are cells of hematopoietic origin. 

11. A method according to claim 1C wherein said producer 
cells originate from PG13 . 

12. A composition comprising retroviral particles at 
high titer obtainable by a method according to claim 8. 

13. A composition according to claim 12 wherein said 
retroviral particles are gene delivery vehicles. 

14. A composition according to claim-. 12 or 13 wherein 
said retroviral particles are capable cf transducing 
hematopoietic stem cells and/or progenitor cells. 

15. A composition according to- any one of claims 12-14 
wherein said retroviral particles are capable of transducing 
umbilical cord blood cells and/or bone marrow cells. 

16. A composition according to any one of claims 12-15 
for use as a pharmaceutical . 

17. Use cf a composition according to any one cf claims 
12-15 m the transduction of CD34 positive target cells. 

18. A composition for toe treatment of a hereditary 
disease or a pathological condition related to a genetic 
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CD 3 4 positive cells, said composition being obtainable by a 
method according to any one of claims 1-11. 

20. Use of a composition according to claim. 16 or 19 in 
the preparation of a medicament for the treatment of the 
5 various genetic hemoglobin orders, the large group of rare 
diseases collectively known as severe combined immune 
deficiencies, the group of lysosomal storage diseases, 
especially with a strong hematopoietic and/or visceral 
expression, such as Gaucher 1 s disease, but also possibly 
10 Krabbe ' s disease, as well as in the treatment of infectious 
disease, notably HIV infection, or cancer. 
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II Z Priority 

III Z Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
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V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI Z Certain documents cited 
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VIII Z Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 

1-16 as originally filed 

Claims, No.: 

1-20 as originally filed 

Drawings, sheets: 

1/6-6/6 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description. pages: 

□ the claims. Nos.: 
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□ 



the drawings. 



sheets: 



2. 
3. 



□ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

Additional observations, if necessary: 
Lack of unity of invention 

In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

IS This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 
68.1 , not to invite the applicant to restrict or pay additional fees. 

This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

IS not complied with for the following reasons: 
see separate sheet 

Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

IS all parts. 

□ the parts relating to claims Nos. . 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 



Novelty (N) 



Yes 

No: 



Claims 
Claims 



1-7 

8-20 



Inventive step (IS) 



Yes 

No: 



Claims 
Claims 



1-20 
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Industrial applicability (IA) Yes: Claims 1-20 

No: Claims 



2. Citations and explanations 
see separate sheet 
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IV. Lack of Unity 

The present claims contain at least 2 invention groups. For practical reasons, this 
objection will not be dealt with in the International Phase. 

The invention groups are: 

1) Claims 1-7 Improved transduction method 

2) Claims 8-20 Method for selecting high producer cell lines and uses of viruses 
obtained therefrom. 

V. Reasoned statement on Novelty, Inventive Step and Industrial Applicability 

The documents mentioned in the present International Preliminary Examination 
Report are numbered as in the search report, i.e. D1 corresponds to the first 
document of the search report etc. 

Novelty (Art.33(2) PCT) 

Claims 1-7 are considered novel since D1 does not explicitly test a batch of 
CD34+ cells for optimal transduction efficiency and then proceed to use the rest of 
the batch at the determined best concentration. 

Claims 8-1 1 are anticipated by e.g. D6. Passage spanning p386 and p387 
demonstrates the selection of the highest virus-producing cell line. 

Claims 12-20 are product-by-process claims or claims dependent thereon or 
referring thereto. Looking at claim 12, for example, a composition containing a 
"high" concentration of retrovirus particles can be obtained by various methods. 
Such a composition is not distinguishable by the process from which it was 
derived, since in the present case the method used does not impart any 
properties on the retroviral particles per se. 

Large numbers of prior art documents, including all 6 cited documents, disclose 
compositions with high retrovirus titres and various of these documents (e.g. D5, 
D6) use CD34+ cells transformed with these viruses in the treatment of disease 
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conditions. Hence, claims 12-20 are not novel. 
Inventive Step (Art.33(3) PCT) 

The present application contains absolutely no inventive subject-matter. Applicant 
merely claims various routine workshop modifications of a known procedure. 
Optimization of concentrations of various reaction components to achieve 
maximum yield or selection of the highest producer cell line are all procedures 
routinely performed by all scientists in the fields of biology or chemistry. Usually 
these basic optimizations are considered so trivial that they are not even 
disclosed. 

Regarding claims 1-7, D1 already shows optimization of target cell concentration 
(p2167) and of levels of virus applied (p. 21 96 plus reference to Paul et al., 1993 
etc. on p. 21 94). Further, also uses fibronectin analogs to enhance binding. It is 
obvious for a skilled person selecting an efficient protocol for transducing a batch 
of retroviral delivery particles would optimize his protocol using the optimization 
procedures of D1 or even simply by using his own common sense in the context 
of his scientific knowledge. 

Regarding selection of the highest producing clone (e.g. claims 8-), this is a 
common-place procedure and applicant appears to have no embodiments in the 
application as a whole that could be considered inventive in this context. 

Industrial Applicability (Art.33(4) PCT) 

The present claims appear to have industrial applicability. 
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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 4 sheets. 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

filed together with the international application in computer readable form. 
I [ furnished subsequently to this Authority in written form. 
| | furnished subsequently to this Authority in computer readble form. 

| | the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

| | the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 



2. 
3. 



|X] Certain claims were found unsearchable (See Box I) 
| ] Unity of invention is lacking (see Box II). 



4. With regard to the title, 

[X] the text is approved as submitted by the applicant. 

[_ | the text has been established by this Authority to read as follows: 



With regard to the abstract. 

[X] the text is approved as submitted by the applicant. 

j | the text has been established, according to Rule 38.2(b). by this Authority as it appears in Box III. The applicant may. 
' — 1 within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 1 



as suggested by the applicant. 1 j None of the figures. 



□ 

[X] because the applicant failed to suggest a figure. 
| because this figure better characterizes the invention. 
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(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed m 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)y. 
Description, pages: 

1-16 as originally filed 



2. With regard to the language, ail the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 231(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was earned out on the basis of the sequence listing: 

□ contained in the international application in written form 

□ filed together with the international application in computer readable form. 
D furnished subsequently to this Authonry in written form. 

□ furnished subsequently to this Authority in computer readable form, 

□ The statement that the subsequently furnished written sequence listing does not go beyond The disclosure in 
the international application as filed has been furnished. 

Q The statement that the information recorded »n computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted m the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 



Claims, No.: 



1-20 



as originally filed 



Drawings, sheets: 



1/6-6/6 



as originally filed 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
repon.) 

6. Additional observations, if necessary: 



IV. Lack of unity of invention 

1 In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additionaJ fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. H This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

C3 all parts 

□ the parts relating to claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

i. Statement 

Novelty (N) Yes: Claims 1-7 

No: Claims 8-20 

Inventive step (IS) Yes: Claims 

No: Claims 1-20 
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Industrial applicability (IA) Yes: Claims 1-20 

No: Claims 



2. Citations and explanations 
see separate sheet 
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IV Lack of Unity 

The present claims contain at least 2 invention groups. For practical reasons, this 
objection will not be dealt with in the International Phase. 

The invention groups are: 

1) Claims 1-7 Improved transduction method 

2) Claims 8-20 Method for selecting high producer cell lines and uses of viruses 
obtained therefrom. 



V. 



Reasoned statement on Novelty, Inventive Step and Industrial Applicability 

The documents mentioned irvthe present International Preliminary Examination 
Report are numbered as in the search report, i.e. D1 corresponds to the first 
document of the search report etc. 

Novelty (Art.33(2) PCT) 

Claims 1-7 are considered novel since D1 does not explicitly test a batch of 
CD34+ cells for optimal transduction efficiency and then proceed to use the rest of 
the batch at the determined best concentration. 

Claims 8-1 1 are anticipated by e.g. D6. Passage spanning p386 and p387 
demonstrates the selection of the highest virus-producing cell line. 

Claims 12-20 are product-by-process claims or claims dependent thereon or 
referring thereto Looking at claim 12, for example, a composition containing a 
"high" concentration of retrovirus particles can be obtained by various methods. 
Such a composition is not distinguishable by the process from which it was 
derived, since in the present case the method used does not impart any 
properties on the retroviral particles per se. 

Large numbers of prior art documents, including ail 6 cited documents, disclose 
compositions with high retrovirus titres and various of these documents (e.g. D5, 
D6) use CD34+ cells transformed with these viruses in the treatment of disease 
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conditions. Hence, claims 12-20 are not novel. 
Inventive Step (Art.33(3) PCT) 

The present application contains absolutely no inventive subject-matter Applicant 
merely claims various routine workshop modifications of a known procedure. 
Optimization of concentrations of various reaction components to achieve 
maximum yield or selection of the highest producer cell line are all procedures 
routinely performed by aM scientists in the fields of biology or chemistry. Usually 
these basic optimizations are considered so trivial that they are not even 
disclosed. 

Regarding claims 1-7, D1 already shows optimization of target cell concentration 
(p2167) and of levels of virus applied (p. 21 96 plus reference to Paul et al., 1993 
etc. on p.2194). Further, also uses fibronectin analogs to enhance binding. It is 
obvious for a skilled person selecting an efficient protocol for transducing a batch 
of retroviral delivery particles would optimize his protocol using the optimization 
procedures of Dl or even simply by using his own common sense in the context 
of his scientific knowledge. 

Regarding selection of the highest producing clone (e.g. claims 8-), this is a 
common-place procedure and applicant appears to have no embodiments in the 
application as a whole that could be considered inventive in this context. 

Industrial Applicability (Art.33<4) PCT) 

The present claims appear to have industrial applicability. 
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